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Abstract: We have studied the mineralogy and petrology of the Yamato(Y)-86789 
meteorite and concluded that this meteorite is a new member of heated carbonaceous 
chondrites with CI-CM affinities. Y-86789 contains 14 vol% of translucent chondrules 
which mainly consist of fibrous phyllosilicate-like materials. The high abundance of 
the phyllosilicate-like minerals in chondrules suggests severe aqueous alteration. Major 
parts of the matrix are also composed of the phyllosilicate-like materials. The 
phyllosilicate-like materials have compositions of a mixture of serpentine and sapo­
nite. However, the phyllosilicate-like materials show consistently high analytical to­
tals; thus, they are dehydrated. X-ray diffraction measurements of the phyllosilicate­
like materials reveal that they are mainly composed of olivine. Diffractions from ser­
pentine and saponite are absent from the X-ray powder patterns. These results suggest 
that Y-86789 has experienced heating and the phyllosilicate minerals which were once 
present in Y-86789 were dehydrated to form anhydrous materials such as olivine. 
Y-86789 has textural, mineralogical, and compositional characteristics similar to 
those ofY-86720, which is one of the three unusual Antarctic carbonaceous chondrites 
with CI-CM affinities that show evidence of dehydration. Chondrules are completely 
replaced by the phyllosilicate-like materials and are surrounded by fine-grained rims. 
Some chondrules contain Ca-carbonates. There is an abundance of troilite in the ma­
trix, but magnetite and PCP, which are common in CM chondrites, are absent. Some 
large troilite grains have a euhedral lath-like morphology. The bulk chemical compo­
sition of Y-86789 is also similar to that of Y-86720. On the basis of these similarities, 
we propose that Y-86789 and Y-86720 are paired meteorites. 
1. Introduction 
CI and CM carbonaceous chondrites are primitive meteorites, but are known to be 
affected by secondary aqueous alteration (e.g., DuFRESNE and ANDERS, 1962; RICHARDSON, 
1978; McSwEEN, 1979, 1987; BUNCH and CHANG, 1980; ToMEOKA and BusECK, 1985; 
FREDRIKssoN and KERRIDGE, 1988; ToMEOKA, 1990a). Recently, several unusual carbona­
ceous chondrites with CI-CM affinities that experienced thermal metamorphism after 
aqueous alteration have been found among the Antarctic meteorites. They are important 
samples experienced more advanced evolution processes than usual CI-CM carbonaceous 
chondrites. Three Antarctic meteorites, Belgica(B)-7904, Yamato(Y)-82162, and Y-86720, 
have already been reported as such meteorites, which had been studied by a research 
consortium (Leader: Y. IKEDA) (e.g., AKAi, 1990; ToMEOKA et al., 1989a, b; ToMEOKA, 
1990b; IKEDA, 1991; KIMURA and IKEDA, 1992; IKEDA et al., 1992). The results are 
summarized by IKEDA ( 1992). 
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All these unusual carbonaceous chondrites show whole-rock oxygen isotope ratios 
similar to those of CI chondrites (MAYEDA and CLAYTON, 1990), while elemental abun­
dances (e.g., Zn/Mn vs. Al/Mn) vary one another; B-7904, Y-82162, and Y-86720 have 
elemental abundances of CM, CI, and intermediate between CI-CM, respectively 
(KALLEMEYN, 1988). Further, mineralogical features are also variable among them. B-
7904 and Y-86720 are petrologically similar to CM chondrites, and Y-82162 is similar to 
CI chondrites (e.g., IKEDA, 1992). The most distinguishable characteristics of these me­
teorites from normal CI-CM chondrites are; (1) microprobe analyses of phyllosilicates 
in these meteorites show higher analytical totals than ordinary phyllosilicates, suggest­
ing low H20 contents (BISCHOFF and METZLER, 1991), (2) wet chemical analyses of these 
meteorites show low H20 contents (HARAMURA et al., 1983; ToMEOKA et al., 1989a, b), 
and (3) transmission-electron microscope (TEM) observations reveal that the 
phyllosilicates in these meteorites are decomposed to nearly amorphous materials and 
fine grains of olivine (AKAi, 1988, 1990, 1994; ToMEOKA et al., 1989a, b). All these 
analyses suggest that these meteorites were dehydrated by metamorphic heating. 
Y-86789 is an Antarctic carbonaceous chondrite that consists largely of dark and 
fine-grained materials. As a preliminary observation, Y ANAi and KonMA ( 1987) have 
classified this meteorite as a carbonaceous chondrite, but the mineralogical characteris­
tics of this meteorite are yet to be studied. In this paper, we present our electron-micro­
scope and X-ray studies of the Y-86789 meteorite. Our results indicate that Y-86789 
experienced mild heating after aqueous alteration, and that this meteorite is a new mem­
ber of heated carbonaceous chondrites with CI-CM affinities. 
2. Sample and Analytical Methods 
A polished thin section and a polished section were prepared from a meteorite chip 
of Y-86789. They were studied using an optical microscope and an electron-probe 
microanalyzer (EPMA: JEOL JCXA-733 Superprobe) equipped with wave-length-dis­
persive X-ray spectrometers (WDS). WDS analyses were obtained at 15 kV and 10 nA 
with a focused beam -3 µm in diameter. A defocused beam 50 µm in diameter was also 
employed to determine bulk composition of the meteorite. The correction for quantita­
tive chemical analysis was made by ZAF method. 
After petrographic characterization, portions of the chondrules and matrix approxi­
mately I00xl00x100 µm in size were extracted from the polished section under a bin­
ocular microscope using an edged tool. The extracted chondrule and matrix were mounted 
on thin glass fibers with 10 µm in diameter and were exposed to Cr Ka X-ray in a Gandolfi 
camera. The X-ray generator was operated at 35 kV and 20 mA. The X-ray photographs 
were scanned by a photo densitometer and were taken into a computer in order to read 
precise peak positions. 
Modal analysis of chondrules was made by transferring shapes of the objects in a 
backscattered electron (BSE) image to a computer system, then numbers of pixels within 
the objects were counted by using the Flexi Trace software. 
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3. Results 
3.1. General description 
Y-86789 consists mainly of dark brownish to black, fine-grained matrix with chon­
drules embedded in the matrix. The modal abundance of the chondrules is approxi­
mately 14 vol% lying within the range of CM chondrites (McSween, 1979). Many chon­
drules are surrounded by fine-grained rims similar to the accretionary dust mantles found 
in CM chondrites (METZLER and BISCHOFF, 1987, 1989, 1990; METZLER et al., 1988, 1992) 
(Figs. l a  and b ). These observations indicate that Y-86789 has an overall texture similar 
to that of CM chondrites. However, poorly characterized phases (PCP) and magnetite 
that are common in CM chondrites are absent from Y-86789. Instead, large amounts of 
troilite and minor kamacite and taenite occur in the matrix. A bulk chemical composi­
tion of the meteorite was determined by averaging 166 defocused beam analyses and is 
shown in Table 1. 
Fig. 1. BSE images of chondrules. 
(a) A chondrule with fibrous texture 
is shown. Troilite grains are sur­
rounded by bright halos. 
(b) A chondrule with fibrous and 
massive texture is shown. Many ovoi­
dal inclusions are contained in this 
chondrule. Troilite grains are con­
centrated between the chondrule and 
the rim. 
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Table 1. Major element chemical composition of Y-86789 with the reference of 
those of B-7904, Y-82162, and Y-86720 (wt%). 
Y-86789* B-7904# Y-82162# Y-86720# 
Si02 29.34 31.49 26.99 30.69 
Ti02 0.08 0.16 0.23 0.09 
Al203 1.96 3.30 2.26 3.83 
FeO 19.09 21.91 12.94 19.77 
MnO 0.27 0.25 0.31 0.18 
MgO 21.06 23.71 20.91 22.72 
Cao 2.26 2.22 2.04 2.02 
Nap 0.37 0.66 0.87 0.66 
K20 n.d. 0.04 0.13 0.04 
Cr203 0.42 0.50 0.48 0.45 
NiO 0.90 1.21 1.28 1.16 
FeS 6.60 11.45 20.08 13.22 
Total 82.35 96.90 87.80 94.83 
n.d.: not detected 
The composition of Y-86789 was measured by averaging 166 deforcused-
electron beam analyses with an EPMA. The compositions of the other three 
meteorites are results of wet chemical analyses. Analyst: H. HARAMURA. Data; 
HARAMURA et al. (1983), TOMEOKA et al. (1989a, b). 
* All S03 contents in this bulk analysis were recalculated as FeS. 
# HP(+), HP(-), P205, and Co are not shown here, because these oxides and 
metal were not measured in our EPMA analyses. Fe and Fe203 are recalcu­
lated and included in FeO. 
3.2. Chondrules 
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Chondrules in Y-86789 show subrounded or irregular outlines and typically range 
from 600 to 750 µm in diameter, while some chondrules and their fragments are smaller 
than a few hundreds of microns. All chondrules are composed mainly of dark brownish, 
translucent materials with variable amounts of opaque minerals. The translucent mate­
rials show fine-grained and fibrous texture which is reminiscent of phyllosilicate (Fig. 
2a); thus we hereafter call these translucent materials phyllosilicate-like materials. An­
hydrous silicate minerals such as olivine and pyroxene of optically visible sizes are ab­
sent. These observations suggest that extensive aqueous alteration occurred and replaced 
anhydrous silicate minerals in the chondrules with phyllosilicate minerals. 
Electron-microscope observations show that most chondrules are composed of fibrous 
or massive phyllosilicate-like materials (Figs. l a  and b). The phyllosilicate-like materi­
als often contain ovoidal inclusions 10-60 µm in diameter, and vainlets 20-150 µm in 
length and 2 to 30 µm in width (Fig. 2b). The phyllosilicate-like materials in both fibrous 
and massive forms are rich in Si02 (42-48 wt%), MgO (25-32 wt%), and FeO (12-19 wt 
% ) and contain minor amounts of Al203 (2-6 wt%) (Table 2). Their chemical composi­
tions are fairly homogeneous and lie between serpentine and saponite solid solution 
lines in the (Si+Al)-Mg-Fe ternary diagram (Fig. 3), suggesting a mixture of serpentine­
and saponite-type phyllosilicates. However, the phyllosilicate-like materials have high 
analytical totals (>94 wt%) compared with normal phyllosilicate (Table 2), indicating 
24 K. MATSUOKA, T. NAKAMURA, Y. NAKAMUTA and N. TAKAOKA 
Fig. 2. BSE images of(a)fibrous tex­
ture reminiscent of phyllosilicate 
and ( b) massive and fibrous texture 
containing ovoidal inclusions of the 
phyllosilicate-like materials in chon­
drules. 
that they are dehydrated. Further, many vacant spaces are found between the 
phyllosilicate-like materials in BSE images (Fig. 2a), suggesting contraction during heat­
ing and dehydration. X-ray diffraction measurements reveal that the phyllosilicate-like 
materials in the chondrules mainly consist of olivine (Fig. 4a). No reflection of serpen­
tine, saponite, or other phyllosilicate minerals is recognized. The phyllosilicate-like 
materials are thus likely to be produced by a thermal decomposition process of 
phyllosilicate to form olivine. Since serpentine and saponite have higher Si02 contents 
than olivine, the phyllosilicate-like materials should contain amorphous silica phases 
which do not appear in the X-ray powder pattern. 
Some chondrules contain Al-rich portions (7-19 wt% in Al203) which are unusually 
enclosed in the massive phyllosilicate-like materials. In the Al-rich portions, Al is often 
concentrated in phases that have euhedral parallelogram morphology (Figs. 5a and b ). 
These phases may correspond to "High-Al phases (HA-phases)" in Y-86720 reported by 
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Table 2. Representative chemical compositions of phyllosilicate-like materials and associated phases 
in Y-86789 (wt%). 
Phyllosilicate-like material s 
HA-Phases Fe-rich halos in chondrules 
( chondrules) 
Si02 44.01 46.42 47.64 41.51 40.29 34.19 35.84 26.02 36.89 
Ti02 0.08 0.10 0.14 0.14 0.07 0.07 0.07 0.10 0.14 
Al203 2.24 5.35 2.47 10.93 12.98 18.53 2.35 1.11 6.77 
Cr203 0.35 l.98 0.50 0.04 2.03 0.35 0.49 0.63 2.22 
FeO 14.83 16.66 12.75 13.66 15.61 19.91 33.78 49.38 25.04 
MnO 0.14 0.05 0.08 0.03 0.04 0.09 0.45 0.27 0.12 
MgO 32.62 29.23 32.40 27.37 29.03 23.06 26.05 17.97 21.25 
CaO 0.25 0.18 0.15 0.12 0.01 0.29 0.17 0.37 0.17 
Na20 0.31 0.63 0.44 0.64 0.94 1.33 0.36 0.14 0.64 
K20 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
Total 94.83 100.60 96.57 94.44 101.00 97.82 99.56 96.00 93.24 
Ovoidal inclusion 
Phyllosilicate-like material s 
Fe-rich halos in matrix 
(matrix) 
Si02 42.00 42.60 46.86 46.45 44.78 46.49 36.36 31.80 29.20 
Ti02 0.05 0.11 0.13 0.01 0.11 0.07 0.05 0.03 0.04 
Al203 3.50 3.21 2.89 0.09 2.92 3.50 2.31 2.34 2.01 
Cr 203 6.82 2.14 2.76 0.20 0.60 0.70 0.39 0.42 0.45 
FeO 16.70 22.30 19.57 14.91 18.97 20.37 34.18 44.78 47.62 
MnO 0.27 0.20 0.08 0.32 0.34 0.14 0.14 0.19 0.44 
MgO 29.94 25.59 28.51 30.71 25.04 25.92 24.00 19.89 19.62 
CaO 0.10 0.61 0.67 0.35 1.58 0.91 0.30 0.47 1.08 
Na20 0.67 0.71 0.30 0.06 0.58 0.63 0.35 0.41 0.24 
K20 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
Total 100.05 97.47 101.77 93.10 94.92 98.73 98.08 100.33 100.70 
n.d.: not detected. 
ToMEOKA et al. ( 1989b). Their chemical compositions are shown in Table 2 and plotted 
in Fig. 3. Chondrules containing Ca-rich phases also occur (Table 3 and Fig. 6). Figure 
7 indicates that these Ca-rich phases are mixtures of the phyllosilicate-like materials 
and minor amounts of Ca-carbonates, although Ca-carbonates are too small to resolve 
chemical compositions by an EPMA. 
The opaque minerals in the chondrules are mainly troilite with minor ilmenite (Ti 02 : 
50.03%, FeO: 43.16%, MnO: 0.87%, MgO: 5.57% in molecular ratio). BSE images 
show that some troilite grains in the chondrules have bright halos several to a few tens 
microns wide (Fig. la), which are composed of materials containing large but variable 
amounts of FeO (20-50 wt%) with constant Mg/Si ratios (Table 2 and Fig. 3). Figure 3 
shows that the compositions of the halos lie between the cluster of the normal 
phyllosilicate-like materials in the chondrules and the Fe apex, suggesting that these Fe­
rich halos were produced by diffusion of Fe from enclosed troilite grains. 
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Fig. 3 .  A (Si+A l)-Fe-Mg ternary diagram in terms of atomic ratio of the 
phyllosilicate-like materials in the chondrules ( solid circles). Open circles 
and open diamonds are Fe-rich halos surrounding troilite grains and the 
HA-phases, respectively. 
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Fig. 4. X-ray powder patterns (Cr, Ka) of a chondrule (a) and matrix (b) in Y-86789. Tr, Ta, Ka, 
and ol indicate reflections from troilite, taenite, kamacite, and olivine, respectively. Re­
flections of silicate minerals in both ( a) and (b) are only those of olivine. In (b ), unusual 
broadening observed in basal reflections of olivine suggests existence of incompletely 
crystallized olivine. 
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Fig. 5. ( a) T he HA -phases ( HA, 
slightly bright part) in massive 
phyllosilicate-like materials in a 
chondrule. Some parts of the HA­
phases have euhedral parallelogram 
morphology (BSE image). 
(b) "Al" X-ray image of (a). 
Table 3 .  Representative chemical compostions of Ca-rich phases in a 
chondrule (wt%). 
Si02 36.27 32.54 36.81 36.66 
Ti02 0.16 0.12 0.15 0.19 
Ali03 3.31 4.63 4.25 5.17 
Cr203 0.64 0.69 0.50 0.61 
FeO 8.27 6.96 5.81 5.71 
MnO 1.06 0.82 0.75 0.91 
MgO 25.15 20.99 32.06 29.69 
CaO 25.99 30.67 13.60 18.75 
Nap 0.04 0.06 0.08 0.03 
K20 n.d. n.d. n.d. n.d. 
Total 100.89 97.48 94.01 97.72 
n.d.: not detected 
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3.3. Matrix 
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Fig. 6. (a) BSE image and (b) "Ca" X-ray 
image of an irregular-shaped, Ca-rich 
chondrule with fibrous texture. 
Matrix ofY-86789 also consists mainly of the fine-grained phyllosilicate-like mate­
rials similar to those in the chondrules, although the phyllosilicate-like materials in the 
matrix are very fine-grained and don't have fibrous or massive texture such as those in 
the chondrules. The phyllosilicate-like materials in the matrix show chemical composi­
tions of a mixture of serpentine- and saponite-type phyllosilicate minerals (Table 2 and 
Fig. 8). However, X-ray measurements reveal that matrix consists of olivine, troilite, 
taenite, and kamacite (Fig. 4b ). No reflection of phyllosilicate minerals is recognized. 
Thus, the phyllosilicate-like materials in the matrix are also likely to be dehydrated and 
decomposed to olivine and amorphus Si-rich phases as those in the chondrules. In some 
X-ray powder patterns, basal reflections of olivine show unusual broadening (Fig. 4b) 
due to low crystallinity of olivine. This might be a result of incomplete crystallization 
of olivine after decomposition of phyllosilicate minerals. 
Of particular interest in the matrix is a high abundance of porous aggregates that 
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Fig. 7. Silicon and Ca atomic contents of Ca-rich phases in chondrules, normal­
ized by 0=4. Solid circles are Ca-rich phases and open diamonds are the 
phyllosilicate-like materials in the chondrules. Compositional range of 
Ca-rich phases in Y-86720 (IKEDA et al. , 1992) is shown by a dashed area 
for comparison. 
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Fig. 8. A ( Si+Al)-Fe-Mg ternary diagram in terms of atomic ratio showing compo­
sitions of the phyllosilicate-like materials ( solid circles) in the matrix. Open 
circles are Fe-rich halos surrounding troilite grains. A compositions of the 
matrix of Y-86720 reported by TOMEOKA et al. (I 989b) is shown for com­
parison by dashed line. 
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Fig. 9. A BSE image of the matrix. 
Many troilite grains are dispersed. 
Troilite grains are surrounded by 
bright Fe-rich halos. There are 
abundant porous aggregates (in­
dicated by arrows), which include 
variable amounts of small grains 
that consist mainly of troilite. 
Fig. 10. A BSE image of a rounded 
porous aggregate in the matrix 
that contains small troilite grains. 
Representative chemical compositions of porous 
aggregates (wt%). 
0. 1 1  0. 20 0.22 0 . 1 8  
22. 1 3  24.96 1 7 .62 58 .72 
0.37 0. 1 8  0.34 0.24 
3 .50 0.47 1 5 . 1 3  0. 1 5  
0.50 1 4.06 1 2 . 1 8  1 4.96 
0.36 0.22 0. 1 2  0.28 
26.97 40.09 45 .6 1  74.53 
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Fig. 11. Bulk compositions of 
the porous aggregates in the 
matrix and the PCP particles in 
the Murchison CM chondrite ob­
tained by defocused beam analy­
ses. Solid and open circles cor­
respond to the compositions of 
the porous aggregates and the 
PCP particles, respectively. 
Solid squares show composi­
tions of minerals in PCP. Com­
positional data of tochilinite is 
taken from BARBER et al. ( 1983 ). 
This diagram shows that the po­
rous aggregates and the PCP 
particles have similar composi­
tions. 
Fig. 12. A BSE image of ( a) irregu­
lar-shaped troilite (tro, indicated by 
arrows) and kamacite (ka, a slightly 
bright grain) grains in a porous ag­
gregate and ( b) a troilite ( tro) lath 
containing taenite (ta, a bright grain 
indicated by an arrow). 
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Table 5. Representative chemical compositions of sulfide and metal in Y-86789 (at%). 
Troilite Kamacite Taenite 
Fe 49.54 50.18 50.15 96.25 98.83 94.70 77.42 72.57 
Ni n.d. n.d. n.d. 1.46 0.69 4.90 22.16 27.26 
s 49.78 49.49 49.56 0.15 n.d. n.d. n.d. n.d. 
Cr n.d. n.d. n.d. n.d. n.d. 0.16 n.d. n.d. 
Total 99.32 99.67 99.71 97.86 99.52 99.76 99.58 99.83 
n.d. : not detected 
60.48 
39.07 
0.15 
0.11 
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show mainly rounded or subrounded morphology (Figs. 9 and 10). The aggregates typi­
cally range from 10 to 50 µm in size and consist of small particles of troilite, kamacite 
and Ca-rich minerals. Bulk compositions of these aggregates are rich in Fe, S, and Ca 
(Table 4) and are plotted in the Fe-S-Ca ternary diagram (Fig. 1 1). Because Y-86789 is 
petrologically similar to CM chondrites, these aggregates can be interpreted as dehy­
drated and decomposed PCP. Figure 1 1  shows that the aggregates and PCP particles in 
the Murchison CM chondrite have similar compositions. 
Unusually high abundance of opaque minerals, including those in the porous aggre­
gates, is observed throughout the matrix (Fig. 9). Troilite is a dominant mineral and 
occurs in two different forms: aggregates of small, irregular-shaped grains (Fig. 12a) 
and large euhedral laths (Fig. 12b). The irregular-shaped grains are < 1  to 50 µm in size, 
while the euhedral laths are 100 to 300 µm in length and 30 to 50 µm in width. Fe-Ni 
metal also occurs in the matrix as small grains (< 10 µm in diameter) closely attached to 
troilite grains (Figs. 12a and b). They are kamacite (Fe95Ni5) and taenite whose compo­
sitions range between Fe78Ni22 and Fe60Ni40 (Table 5). Like in the chondrules, matrix 
materials surrounding troilite grains are Fe-rich and appear bright in BSE images (Fig. 
9). These Fe-rich halos are several to a few tens microns wide, and their chemical com­
positions are shown in Table 2 and are plotted in Fig. 8. 
4. Discussion 
Our results indicate that chondrules and matrix of Y-86789 consist entirely of fine­
grained phyllosilicate-like materials that have chemical compositions of a mixture of 
serpentine and saponite. Thus Y-86789 must have experienced extensive aqueous alter­
ation. Quantitative chemical analyses and X-ray diffraction measurements, on the other 
hand, suggest that the phyllosilicate-like materials both in the chondrules and the matrix 
are dehydrated and composed of olivine and probably amorphus Si-rich phases. There­
fore, it is concluded that Y-86789 has experienced heating and dehydration after aque­
ous alteration. 
SouzA SANTOS and Y ADA ( 1979) studied terrestrial serpentine heated at temperatures 
from 600 °C to 1300°C by TEM. They observed that at 650°C the nucleation of forsterite 
starts, at 700 °C serpentine disappears while the external morphology of the serpentine ti 
brils is preserved, between 800 °C and 900 °C forsterite becomes well-crystallized and 
the deformation of the external morphology of the serpentine fibrils starts, and from 
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I000 °C to 1300°C the transformation of forsterite to enstatite is promoted and the mor­
phology of the serpentine fibrils is completely lost . AKAI ( 1992) also carried out heating 
experiments of serpentine in the Murchison CM chondrite and observed by TEM that 
serpentine decomposes to olivine and enstatite through a transitional structure. On the 
other hand, the phyllosilicate-like materials in Y-86789 are characterized by ( 1 )  pres­
ence of olivine, (2) absence of phyllosilicate minerals such as serpentine and saponite, 
(3) absence of enstatite, and (4) well-preserved phyllosilicate-like fibrous texture. Thus 
comparison of these characteristics of Y-86789 with the previous works (SouzA SANTOS 
and YADA, 1 979; AKAi, 1992) yields an approximate maximum temperature of 700 °C 
that Y-86789 experienced during dehydration stage. 
Table 1 shows bulk chemical composition of Y-86789 measured by defocused elec­
tron probe and those of B-7904, Y-82 162, and Y-86720 for comparison (HARAMURA et 
al. ,  1983; ToMEOKA et al. ,  1989a, b). The bulk composition of Y-86789 resembles those 
of B-7904 and Y-86720, but is slightly different from that of Y-82 162, although FeS 
content and measured total weight of Y-86789 are lower than other three meteorites. In 
spite of dehydration of Y-86789, the total of the bulk composition is low, which may be 
caused by abundant pores in the matrix. The pores in Y-86789 heterogeneously distrib­
ute and are particularly abundant in the porous aggregates, where troilite grains mostly 
occur (Fig. 9). Because the measurement of FeS content by defocused beam is sensitive 
to the porosity, the lower FeS content of Y-86789 relative to other three meteorites is 
Table 6. The petrological and mineralogical characteristics of CJ, Y-82162, Y-86720, Y-86789, B-7904 
and CM, added to IKEDA (1992 ). 
Cl Y-82162 Y-86720 Y-86789 B-7904 CM 
H20(wt%) of whole rock 17-23 8.01 4.6 <5(?) 2.1 3-17 
Chondrule s no no (+) (+) + + 
Al203 content s Low Low Low, High Low, High Low, High Low, High 
PCP no no no no no + 
Accretionary dust mantles no no + + + + 
Primary olivine (+) no no no + + 
Secondary olivine no + + + + no 
Opaque mineral s 
Pyr, Fer Mt, Pur, Mt, Awa, Tr, Ta, Ka, Ilm Tr, Ta, Ka, Ilm Tr, Ta, Ka Mt, Toe, Mt, Pyr 
Pen Pen, Ilm Pen, Ilm, Chm 
Euhedral FeS lath s (+) + + + no no 
Matrix phyllosilicate s 
Smee, Serp dehydrated dehydrated dehydrated dehydrated Smee, Serp 
(Smee, Serp) (Smee, Serp) (Smec, Serp) (Smee, Serp) 
F ramboidal magnetite + + no no no no 
H20 content s of whole rock are H20( + ), but that of Y-86789 is estimated from pre sumption from EPMA 
analy ses. 
Chondrules in Y-86720 and Y-86789 are completely altered to aggregates of phyllosilicate s shown here as 
(+). 
Al 203 content s are alumina of phyllosilicate s or phyllosilicate-like material s in chondrules (Low and high are 
0-6.5 and 6.5-26 wt% re spectively). 
Abbreviations: Pyr (pyr rhotite), Fer (ferrihydrite), Mt (magnetite) ,  Pen (pent landite), Awa (awaruite), Tr 
(troilite), Ta (taenite), Ka (kamacite), Ilm(ilmenite), Toe (tochilinite), Smee ( smectite) and Serp ( serpentine). 
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likely a result of an existence of troilite in the porous aggregates. 
As shown in Table 6, petrographical, mineralogical and compositional characteris­
tics of Y-86789 are similar to Y-86720:  ( 1) absence of primary olivine which was hy­
drated by aqueous alteration, (2) complete replacement of chondrules by phyllosilicate 
minerals, (3) presence of accretionary dust mantles around chondrules, (4) abundant of 
secondary olivine produced by heating, (5) species of opaque minerals in the chondrules 
and the matrix, (6) existence of Ca-carbonate and HA-phases in some chondrules, and 
euhedral troilite laths in the matrix. Bulk chemical composition of Y-86789 is also simi­
lar to that of Y-86720. The matrix compositions of Y-86789 are almost identical to that 
of Y-86720 as reported by ToMEOKA et al. ( 1989b) (Fig. 8). Based on these similarities, 
we propose that Y-86789 and Y-86720 are paired. However, there is a minor difference 
between Y-86789 and Y-86720. Ni contents of taenite in Y-86720 range from 35 to 60 
wt% (ToMEOKA et al. , 1989b; B1scHOFF and METZLER, 199 1), while those in Y-86789 range 
from 23 to 38 wt% as determined from analysis of six taenite grains. Further detailed 
analysis is need to discuss significance of this difference. 
5. Conclusions 
( 1) Y-86789 is an unusual CM-like carbonaceous chondrite, which has experienced 
extensive aqueous alteration and heating at approximately 700 °C in the meteorite parent 
body. 
(2) X-ray measurements reveal that major silicate phases in chondrules and matrix 
of Y-86789 are olivine, suggesting that almost all pre-existed phyllosilicate minerals are 
transformed to olivine and probably amorphus Si-rich phases. 
{3) Y-86789 bears a close resemblance with Y-86720, thus they may be paired. 
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